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TITLE OF TOE INVENTIO N 

CENTER-TAP TERMINATION CIRCUIT AND PRINTED CIRCUIT BOARD 

HAVING THE SAME 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a center- tap 
10 termination circuit in a differential signal transmission 

line for transmitting a high-speed differential signal. 
Description of the Relat ed Ayt 

[0002] Low voltage differential signaling (LVDS) 
technology is used to suppress noise emissions when 
15 transmitting high-speed signals on a printed circuit board 

or using cables. Fig. 9 is a circuit diagram of a typical 
LVDS transmission model. 

[0003] Fig. 9 depicts a ground 1100 (GND) , a transmitting 
driver Integrated Circuit (IC) 1200, and a receiver IC 1300. 

20 Between the transmitting driver IC 1200 and the receiver IC 

1300, a forward transmission line 1101 and a return 
transmission line 1102 are provided. The forward 
transmission line 1101 and the return transmission line 1102 
constitute a differential signal transmission line for 

25 transmitting a low-voltage differential signal. In the 
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differential signal transmission line, the forward 
transmission line 1101 and the return transmission line 1102 
are designed to have the same electrical characteristics. 
In the vicinity of the input port of the receiver IC 1300, a 
5 resistor 1103 is connected between the forward transmission 

line 1101 and the return transmission line 1102. The 
resistor 1103 terminates the differential signal 
transmission line. In a case where the differential signal 
transmission line is designed to have a differential 
10 impedance of 100 Q, differential mode current components 

flowing through the differential signal transmission line 
are completely matched and hence terminated by the resistor 
1103 having a resistance of 100 Q. 

[0004] In addition to the differential mode current 
15 components, common mode current components 1110 flow through 

the differential signal transmission line shown in Fig. 9, 
which may cause noise emissions that cannot be ignored. 
Specifically, since the termination circuit shown in Fig. 9 
has no line through which common mode current components 
20 1110 can flow, the common mode current components 1110 

return to the ground 1100 via a stray capacitance of the 
printed circuit board. Because this stray capacitance is 
unstable, cancellation of the common mode current components 
1110 by return current becomes unstable, resulting in the 
25 emission of a large amount of noise. This emission of noise 
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can cause serious problems, if the ground plane is defective. 
[0005] To suppress the generation of such noise emissions 
due to common mode current components, Japanese Patent Laid- 
Open No. 11-205118 discloses a center-tap termination 
5 circuit. Figs. 10A and 10B show this center-tap termination 

circuit used in an LVDS transmission model described in this 
document . 

[0006] Fig. 10A is a circuit diagram of the center- tap 
termination circuit. Referring to Fig. 10A, in the vicinity 

10 of the input port of the receiver IC 1300, resistors 1104 

and 1105 are serially connected between the forward 
transmission line 1101 and the return transmission line 1102. 
Between a connector that interconnects the resistors 1104 
and 1105 and the GND 1100, a capacitor 1106 is connected. 

15 The resistors 1104 and 1105 and the capacitor 1106 

constitute the center-tap termination circuit. 
[0007] Fig. 10B is a plan view of the center- tap 
termination circuit shown in Fig. 10A, which is implemented 
on a printed circuit board. In Fig. 10B, components 

20 corresponding to those in Fig. 10A are given the same 

reference numerals . 

[0008] Referring to Fig. 10B, reference numeral 1500 
denotes a printed circuit board. The forward transmission 
line 1101 and the return transmission line 1102 are made 
25 from copper foil patterns. The resistors 1104 and 1105 have 
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the same resistance, and are chip resistors, and capacitor 
1106 is a chip capacitor. The forward transmission line 
1101 and the return transmission line 1102 extend to the 
left of Fig, 10B and are connected to the transmitting 
5 driver IC (not shown). Similarly, the forward transmission 

line 1101 and the return transmission line 1102 extend to 
the right of Fig. 10B and are connected to the receiver IC 
(not shown). Since the resistors 1104 and 1105 and the 
capacitor 1106 are included in the termination resistor 

10 circuit, they are disposed in the vicinity of the receiver 

IC. The GND 1100 is provided around the forward 
transmission line 1101 and the return transmission line 1102. 
[0009] First terminals of the resistors 1104 and 1105 are 
mounted on lands 1121 and 1123, respectively, and 

15 electrically connected to the forward transmission line 1101 

and the return transmission line 1102, respectively. Second 
terminals of the resistors 1104 and 1105 are mounted on 
lands 1122 and 1124, respectively, inside the forward 
transmission line 1101 and the return transmission line 1102. 

20 The lands 1122 and 1124 are electrically connected to each 

other by wiring. Since the lands 1122 and 1124 are 
connected with each other, in conjunction with the forward 
transmission line 1101 and the return transmission line 1102, 
through a resistance of 50 Q, the lands 1122 and 1124 

25 correspond to the central potential of the differential 
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signal transmission line. The lands 1122 and 1124 are 
electrically connected to a land 1125 by other wiring. A 
first terminal of the capacitor 1106 is mounted on the land 
1125. Passing over the return transmission line 1102, a 
5 second terminal of the capacitor 1106 is connected to a land 

1126 that is electrically connected to the GND 1100. 
[0010] With the center- tap termination circuit described 
above, the forward transmission line 1101 is connected to 
the GND 1100 via the resistor 1104 and the capacitor 1106, 

10 and the return transmission line 1102 is connected to the 

GND 1100 via the resistor 1105 and the capacitor 1106. The 
common mode current components 1110 are thus negated by the 
impedance between the resistor 1104 and the capacitor 1106 
and the impedance between the resistor 1105 and the 

15 capacitor 1106. With respect to the common mode current 

components 1110 on the differential signal transmission line, 
a path is ensured for return current 1120 flowing through 
the GND 1100. As a result, noise emissions due to the 
common mode current components 1110 are suppressed. 

20 [0011] Since the forward transmission line 1101 is 

connected to the return transmission line 1102 through the 
resistors 1104 and 1105, the differential mode current 
components are completely matched with each other and are 
thus terminated, as shown in Fig. 9. To this end, the 

25 resistances of the resistors 1104 and 1105 should be chosen 
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so that the combined resistances of the serially-connected 
resistors 1104 and 1105 are approximately equal to the 
differential impedance of the differential signal 
transmission line consisting of the forward transmission 
5 line 1101 and the return transmission line 1102. 

[0012] Due to recent increases in the speed and frequency 
of signals used in differential signal transmission lines, 
noise emissions due to common mode current components 
generated by the differential impedance mismatching of the 

10 differential signal transmission line have become a problem. 

In particular, differential impedance mismatching due to 
variations in distance between a forward transmission line 
and a return transmission line, which constitute the 
differential signal transmission line, has become a serious 

15 problem. 

[0013] A center tap termination circuit is included in 
the differential signal transmission line shown in Figs. 10A 
and 10B. As such, the distance between the forward 
transmission line 1101 and the return transmission line 1102 
20 at the position of the center-tap termination circuit is 

much greater than the distance at any other position on the 
differential signal transmission line. 

[0014] Fig. 11A is a sectional view of the printed 
circuit board taken along line 11A-11A of Fig. 10B, and Fig. 
25 11B is a sectional view taken along line 11B-11B of Fig. 10B. 
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Generally, the differential impedance of the differential 
signal transmission line changes in accordance with the 
distance between the forward transmission line 1101 and the 
return transmission line 1102, the distance between the 
5 forward transmission line 1101 and the GND pattern, and the 

distance between the return transmission line 1102 and the 
GND pattern in the sectional view of the printed circuit 
board. 

[0015] Figures 11A and 11B depict the capacitive coupling 
10 1151 between the forward transmission line 1101 and the 

return transmission line 1102, the capacitive coupling 1153 
between the forward transmission line 1101 and the GND 1100, 
and the capacitive coupling 1152 between the return 
transmission line 1102 and the GND 1100. Referring to Fig. 
15 11B, the capacitive coupling 1152 and the capacitive 

coupling 1153 are not greatly changed from those shown in 
Fig. 11A, whereas the capacitive coupling 1151 is greatly 
reduced from that shown in Fig. 11A. Since smaller 
capacitive couplings generate larger differential impedances, 
20 the differential impedance at line 11A-11A is not the same 

as the differential impedance at line 11B-11B. As such, 
common mode current components are generated due to signal 
reflections . 

[0016] Fig. 12 is a graph showing the waveforms of 
25 differential signals in the above case in which time is 
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shown on the abscissa, and voltage is shown on the ordinate. 
Referring to Fig. 12, reference numeral 600 denotes a signal 
transmitted through the forward transmission line 1101, and 
reference numeral 700 denotes a signal transmitted through 
5 the return transmission line 1102. As is clear from Fig. 12, 

the transmission return/transmission forward (tr/tf ) 
characteristics of the signals 600 and 700 do not match each 
other due to differential impedance mismatching, causing 
skew. As a result, many common mode current components are 
10 generated on the differential signal transmission line, 

resulting in increased noise emissions. 

[0017] In a case where a plurality of chip components are 
mounted on a printed circuit board, the chip components need 
to be separated from one another by a predetermined distance 

15 due to the mechanical limitations of a mounting machine. In 

the center-tap termination circuit shown in Figs. 10A and 
10B, there is a "dead space" between the resistors 1104 and 
1105. The larger the distance between the forward 
transmission line 1101 and return transmission line 1102, 

20 the greater the differential impedance, resulting in a 

further increase in common mode current components. The 
area in which the center- tap termination circuit is mounted 
is increased, resulting in a smaller degree of freedom in 
circuit design. 



25 



- 9 - 



SUMMARY OF THE INVENTION 



[0018] It is an object of the present invention to 
suppress noise emission from a center-tap termination 
5 circuit in a differential signal transmission line by 

suppressing not only noise emissions generated by 
differential mode current components, but also noise 
emissions generated by common mode current components. 
Specifically, it is an object of the present invention to 

10 provide, in a differential signal transmission line, a 

center- tap termination circuit for suppressing variations in 
the differential impedance value caused by the provision of 
the center- tap termination circuit, matching the 
transmission return/transmission forward characteristics of 

15 differential signals, preventing the generation of skew, 

matching differential impedance, and maintaining high- 
quality signal waveforms. 

[0019] Thus according to one aspect of the present 
invention, the foregoing object is attained by providing a 

20 center- tap termination circuit wired on a printed circuit 

board, the center- tap termination circuit being provided at 
the end of a differential signal transmission line having a 
forward transmission line and a return transmission line. 
The center- tap termination circuit includes a first resistor 

25 having a resistance of approximately half the differential 
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impedance of the differential signal transmission line, 
where the first resistor is arranged outside the forward 
transmission line and the return transmission line and 
adjacent to the forward transmission line, and one end of 
5 the first resistor is electrically connected to the forward 

transmission line, and a second resistor having a resistance 
of approximately half the differential impedance of the 
differential signal transmission line, where the second 
resistor is arranged outside the forward transmission line 

10 and the return transmission line and adjacent to the return 

transmission line, and one end of the second resistor is 
electrically connected to the return transmission line. The 
center- tap termination circuit also includes a connector 
electrically connected to the end of the first resistor not 

15 connected to the forward transmission line and to the end of 

the second resistor not connected to the return transmission 
line, where the connector intersects the forward 
transmission line and the return transmission line in three- 
dimensional space, and a first capacitor arranged outside 

20 the forward transmission line and the return transmission 

line, where one end of the first capacitor is electrically 
connected to the connector, and the end of the first 
capacitor not connected to the connector is connected to a 
ground of the printed circuit board. The forward 

25 transmission line and the return transmission line are 



- 11 - 



substantially equidistant from each other. 
[0020] In a first preferred aspect, the connector 
comprises a component with a jumper function. 
[0021] In a second preferred aspect, the first capacitor 
5 has a value of greater than or equal to 1000 pF and less 

than or equal to 100 \iF . 

[0022] In a third preferred aspect, a center- tap 
termination circuit wired is provided on a printed circuit 
board, the center-tap termination circuit being provided at 

10 the end of a differential signal transmission line having a 

forward transmission line and a return transmission line. 
The center-tap termination circuit includes a first resistor 
having a resistance of approximately half the differential 
impedance of the differential signal transmission line, 

15 where the first resistor is arranged outside the forward 

transmission line and the return transmission line and 
adjacent to the forward transmission line, and one end of 
the first resistor is electrically connected to the forward 
transmission line, and a second resistor having a resistance 

20 of approximately half the differential impedance of the 

differential signal transmission line, where the second 
resistor is arranged outside the forward transmission line 
and the return transmission line and adjacent to the return 
transmission line, and one end of the second resistor is 

25 electrically connected to the return transmission line. 
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Additionally, the center- tap termination circuit includes a 
connector electrically connected to the end of the first 
resistor not connected to the forward transmission line and 
to the other end of the second resistor not connected to the 
5 return transmission line, where the connector intersects the 

forward transmission line and the return transmission line 
in three-dimensional space, and a first capacitor arranged 
outside the forward transmission line and the return 
transmission line, where one end of the first capacitor is 

10 electrically connected to the connector, and the end of the 

first capacitor not connected to the connector is connected 
to a ground of the printed circuit board. Furthermore, the 
center- tap termination circuit includes a second capacitor 
having the same capacitance as that of the first capacitor, 

15 where the second capacitor is arranged outside the forward 

transmission line and the return transmission line, one end 
of the second capacitor is electrically connected to the 
connector, and the end of the second capacitor not connected 
to the connector is connected to the ground of the printed 

20 circuit board. Additionally, the first and second resistors 

and the first and second capacitors are arranged line- 
symmetrically with respect to the differential signal 
transmission line, and the forward transmission line and the 
return transmission line are substantially equidistant from 

25 each other. 
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[0023] In a fourth preferred aspect, the connector 
comprises a component with a jumper function. 
[0024] In a fifth preferred aspect, the first and second 
capacitors each have a value of greater than or equal to 
5 1000 pF and less than or equal to 100 \iF . 

[0025] In a sixth preferred aspect, the printed circuit 
board comprises a multilayer printed circuit board having a 
plurality of layers, where the differential signal 
transmission line is provided on a surface layer of the 

10 printed circuit board, the first capacitor is connected 

through a first through hole to a ground provided on a 
wiring layer differing from the surface layer of the printed 
circuit board, and the second capacitor is connected through 
a second through hole to the ground provided on the wiring 

15 layer differing from the surface layer of the printed 

circuit board. 

[0026] In a seventh preferred aspect, the printed circuit 
board comprises a multilayer printed circuit board having a 
plurality of layers, where the differential signal 
20 transmission line is provided on a surface layer of the 

printed circuit board, and where the connector comprises a 
wire led through third and fourth through holes to a wiring 
layer differing from the surface layer of the printed 
circuit board. 

25 [0027] In an eighth preferred aspect, a center- tap 
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termination circuit wired is provided on a printed circuit 
board, the center- tap termination circuit being provided at 
the end of a differential signal transmission line having a 
forward transmission line and a return transmission line. 
5 The center-tap termination circuit includes a first resistor 

having a resistance of approximately half the differential 
impedance of the differential signal transmission line, 
where the first resistor is arranged outside the forward 
transmission line and the return transmission line and 

10 adjacent to the forward transmission line, and one end of 

the first resistor is electrically connected to the forward 
transmission line, and a second resistor having a resistance 
of approximately half the differential impedance of the 
differential signal transmission line, where the second 

15 resistor is arranged outside the forward transmission line 

and the return transmission line and adjacent to the return 
transmission line, and one end of the second resistor is 
electrically connected to the return transmission line. The 
center-tap termination circuit includes a connector 

20 electrically connected to the end of the first resistor not 

connected to the forward transmission line and to the end of 
the second resistor not connected to the return transmission 
line, where the connector intersects the forward 
transmission line and the return transmission line in three- 

25 dimensional space, and a first capacitor arranged outside 
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the forward transmission line and the return transmission 
line, where one end of the first capacitor is electrically 
connected to the connector. Furthermore, the center- tap 
termination circuit includes a second capacitor having the 
5 same capacitance as that of the first capacitor, where the 

second capacitor is arranged outside the forward 
transmission line and the return transmission line, and one 
end of the second capacitor is electrically connected to the 
connector, and a third resistor arranged outside the forward 

10 transmission line and the return transmission line, where 

one end of the third resistor is electrically connected to 
the other end of the first capacitor, the end of the third 
resistor not connected to the first capacitor is 
electrically connected to a ground of the printed circuit 

15 board, and the third resistor has a resistance that is twice 

the value derived by subtracting half the value of the first 
or second resistor from the common mode impedance of the 
differential signal transmission line. Moreover, the 
center- tap termination circuit includes a fourth resistor 

20 having the same resistance as that of the third resistor, 

where the fourth resistor is arranged outside the forward 
transmission line and the return transmission line, one end 
of the fourth resistor is electrically connected to the end 
the second capacitor not electrically connected to the 

25 connector, and the end of the fourth resistor not connected 
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to the second capacitor is electrically connected to the 
ground of the printed circuit board. In the center- tap 
termination circuit, the first and second resistors, the 
first and second capacitors, and the third and fourth 
5 resistors are arranged line -symmetrically with respect to 

the differential signal transmission line, and the forward 
transmission line and the return transmission line are 
substantially equidistant from each other. 
[0028] In a ninth preferred aspect, the connector 
10 comprises a component with a jumper function. 

[0029] In a tenth preferred aspect, the first capacitor 
has a value of greater than or equal to 1000 pF and less 
than or equal to 100 (iF. 

[0030] In an eleventh preferred aspect, a center- tap 
15 termination circuit wired is provided on a printed circuit 

board, the center- tap termination circuit being provided at 
the end of a differential signal transmission line having a 
forward transmission line and a return transmission line. 
The center-tap termination circuit includes a first resistor 
20 having a resistance of approximately half the differential 

impedance of the differential signal transmission line, 
where the first resistor is arranged outside the forward 
transmission line and the return transmission line and 
adjacent to the forward transmission line, and one end of 
25 the first resistor is electrically connected to the forward 
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transmission line, and a second resistor having a resistance 
of approximately half the differential impedance of the 
differential signal transmission line, where the second 
resistor is arranged outside the forward transmission line 
5 and the return transmission line and adjacent to the return 

transmission line, and one end of the second resistor is 
electrically connected to the return transmission line. The 
center- tap termination circuit also includes a connector 
electrically connected to the other end of the first 

10 resistor and to the other end of the second resistor, where 

the connector intersects the forward transmission line and 
the return transmission line in three-dimensional space, and 
a first capacitor arranged outside the forward transmission 
line and the return transmission line, where one end of the 

15 first capacitor is electrically connected to the connector. 

Moreover, the center- tap termination circuit includes a 
third resistor arranged outside the forward transmission 
line and the return transmission line, where one end of the 
third resistor is electrically connected to the end of the 

20 first capacitor not connected to the connector, the end of 

the third resistor not connected to the first capacitor is 
electrically connected to a ground of the printed circuit 
board, and the third resistor has a resistance derived by 
subtracting half the value of the first or second resistor 

25 from the common mode impedance of the differential signal 
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transmission line. In the center- tap termination circuit, 
the forward transmission line and the return transmission 
line are substantially equidistant from each other. 
[0031] In a twelfth preferred aspect, a printed circuit 
5 board is provided, where the printed circuit board includes 

a transmitting driver integrated circuit (IC), a receiver IC, 
a differential signal transmission line for transmitting and 
receiving a signal between the transmitting driver IC and 
the receiver IC, where the differential signal transmission 

10 line consists of a forward transmission line and a return 

transmission line, the forward transmission line and the 
return transmission line being substantially equidistant 
from each other, and a center- tap termination circuit 
provided at the end of the differential signal transmission 

15 line. The center- tap termination circuit includes a first 

resistor having a resistance of approximately half the 
differential impedance of the differential signal 
transmission line, where the first resistor is arranged 
outside the forward transmission line and the return 

20 transmission line and adjacent to the forward transmission 

line, and one end of the first resistor is electrically 
connected to the forward transmission line, and a second 
resistor having a resistance of approximately half the 
differential impedance of the differential signal 

25 transmission line, where the second resistor is arranged 
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outside the forward transmission line and the return 
transmission line and adjacent to the return transmission 
line, and one end of the second resistor is electrically 
connected to the return transmission line. The center- tap 
5 termination circuit also includes a connector electrically 

connected to the other end of the first resistor and to the 
other end of the second resistor, where the connector 
intersects the forward transmission line and the return 
transmission line in three-dimensional space, and a first 

10 capacitor arranged outside the forward transmission line and 

the return transmission line, where one end of the first 
capacitor is electrically connected to the connector, and 
the other end of the first capacitor is connected to a 
ground of the printed circuit board. 

15 [0032] Further objects, features, and advantages of the 

present invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Fig. 1A is a circuit diagram showing a center- tap 
termination circuit, according to a first embodiment of the 
present invention, in an LVDS transmission model, and Fig. 
25 IB is a plan view of a printed circuit board having the 
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center-tap termination circuit. 

[0034] Fig. 2A is a sectional view taken along line 2A-2A 
of Fig. IB, and Fig. 2B is a sectional view taken along line 
2B-2B of Fig. IB. 
5 [0035] Fig. 3 is a graph showing differential signal 

waveforms according to the first embodiment. 

[0036] Fig. 4A is a circuit diagram showing a center- tap 
termination circuit, according to a second embodiment of the 
present invention, in an LVDS transmission model, and Fig. 
10 4B is a plan view of a printed circuit board having the 

center-tap termination circuit. 

[0037] Fig. 5A is a circuit diagram showing a center- tap 
termination circuit, according to a third embodiment of the 
present invention, in an LVDS transmission model, and Fig. 
15 5B is a plan view of a printed circuit board having the 

center- tap termination circuit. 

[0038] Fig. 6 A is a circuit diagram showing a center- tap 
termination circuit, according to a modification of the 
third embodiment of the present invention, in an LVDS 

20 transmission model, and Fig. 6B is a plan view of a printed 

circuit board having the center- tap termination circuit. 
[0039] Fig. 7A is a circuit diagram showing a center- tap 
termination circuit, according to a fourth embodiment of the 
present invention, in an LVDS transmission model, and Fig. 

2 5 7B is a plan view of a printed circuit board having the 
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center- tap termination circuit. 

[0040] Fig. 8 is a plan view of a multilayer printed 
circuit board having the center- tap termination circuit 
shown in Fig. 4A. 
5 [0041] Fig. 9 is a circuit diagram showing a known 

termination circuit in an LVDS transmission model. 
[0042] Fig. 10A is a circuit diagram showing a center- tap 
termination circuit in an LVDS transmission model according 
to the related art, and Fig. 10B is a plan view of a printed 
10 circuit board having the center-tap termination circuit. 

[0043] Fig. 11A is a sectional view taken along line 11A- 
11A of Fig. 9B, and Fig. 11B is a sectional view taken along 
line 11B-11B of Fig. 9B. 

[0044] Fig. 12 is a graph showing differential signal 
15 waveforms according to the related art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0045] Embodiments of the present invention will be 
20 described with reference to the drawings. 

First Embodiment 

[0046] Figs. 1A and IB illustrate a center- tap 
termination circuit, according to a first embodiment of the 
25 present invention, in a differential signal transmission 
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line. In the first embodiment, the differential signal 
transmission line preferably has a differential impedance of 
100 Q. 

[0047] Fig. 1A is a circuit diagram showing a center- tap 
5 termination circuit in an LVDS transmission model. The 

circuit diagram shown in Fig. 1A is schematically the same 
as that shown in Fig. 10A, but the physical layout of 
components thereof is significantly different. 
[0048] Figures 1A and IB depict a ground (GND) 100; a 

10 transmitting driver IC 200; a receiver IC 300; a forward 

transmission line 1; and a return transmission line 2. The 
forward transmission line 1 and the return transmission line 
2 connect the transmitting driver IC 200 with the receiver 
IC 300. The forward transmission line 1 and the return 

15 transmission line 2 have the same electrical characteristics 

and constitute a differential signal transmission line for 
transmitting a low-voltage differential signal from the 
transmitting driver IC 200 to the receiver IC 300. In the 
vicinity of the input port of the return transmission line 2, 

20 one end of a resistor 4 is connected to the forward 

transmission line 1, and one end of a resistor 5 is 
connected to the return transmission line 2. The other ends 
of the resistors 4 and 5 are electrically connected with 
each other by wiring them so as to intersect the forward 

25 transmission line 1 and the return transmission line 2 in 
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three-dimensional space. In other words, the resistors 4 
and 5 are serially connected between the forward 
transmission line 1 and the return transmission line 2. A 
connector that interconnects the forward transmission line 1 
5 and the return transmission line 2 is implemented using a 

component with a jumper function. A connector that 
interconnects the resistors 4 and 5 is connected to the GND 
100 via a capacitor 8. Since the differential impedance of 
the differential signal transmission line is preferably 100 

10 Q, the resistors 4 and 5 each preferably have a resistance 

of 50 Q to terminate differential mode current components. 
[0049] Preferably, the capacitor 8 has a capacitance 
greater than or equal to 1000 pF and less than or equal to 
100 jxF. Characteristics of common mode noise current 

15 flowing through the differential signal transmission line 

are influenced by the terminating impedance characteristics 
viewed from the ground. The capacitance 1000 pF has an 
impedance of 1 to 6 Q in the noise emission control 
frequency band of 30 MHz to 1000 MHz. Since a termination 

20 resistor containing two parallel-connected 50-ohm resistors 

has an impedance of 25 Q, the terminating impedance viewed 
from the ground is 25 Q + ( 1 Q to 6 Q) , or 26 to 31 Q. 
This is a very small value compared with the open state (oo 
Q) in which no capacitor is connected, and, as such, noise 

25 emissions are sufficiently reduced. 
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[0050] When the capacitor has a capacitance of 100 pF, 
the impedance in the above frequency band is approximately 3 
to 50 fi. Depending on the frequency, the maximum 
terminating impedance is approximately 75 £2. This is a 
5 relatively large value, and hence noise emissions are not 

sufficiently reduced. When the capacitor has a capacitance 
of 0.01 fxF, the impedance at 30 MHz to 1 GHz is 0.2 to 6 Q. 
The terminating impedance viewed from the ground is 25.2 Q 
to 31 Q. Since this value is almost the same as that in the 
10 case of 1000 pF, suppression of noise emissions is 

equivalent to the case of 1000 pF. 

[0051] When the capacitor has a large capacitance of 100 
liF or greater, the size of the capacitor is increased, and 
the series parasitic inductance is increased. As a result, 

15 the impedance at 30 MHz to 1 GHz is increased. Therefore, 

preferably the capacitor has a capacitance of 100 \iF or less. 
[0052] Fig. IB is a plan view of a printed circuit board 
having the center- tap termination circuit shown in Fig. 1A. 
In Fig. IB, components corresponding to those in Fig. 1A are 

20 given the same reference numerals. Figure IB depicts a 

printed circuit board 500. The forward transmission line 1 
and the return transmission line 2 are made from a copper 
foil pattern. The width of the forward transmission line 1 
and the return transmission line 2 is 0.125 mm, and the 

25 distance between the forward transmission line 1 and the 



return transmission line 2 is also 0.125 mm. The resistors 
4 and 5 have the same resistance and are chip resistors. 
The capacitor 8 has a capacitance of 1000 pF and is a chip 
capacitor. A jumper 9 is a chip jumper. The forward 
transmission line 1 and the return transmission line 2 
extend to the left of Fig. IB and are connected to the 
transmitting driver IC (not shown). Similarly, the forward 
transmission line 1 and the return transmission line 2 
extend to the right of Fig. IB and are connected to the 
receiver IC (not shown) . The GND 100 is made with a pattern 
outside the forward transmission line 1 and the return 
transmission line 2. 

[0053] A first terminal of the resistor 4 is mounted on a 
land 31. Since the land 31 is provided outside the forward 
transmission line 1 so as to be electrically connected to 
the forward transmission line 1, the resistor 4 is 
electrically connected to the forward transmission line 1. 
A first terminal of the resistor 5 is mounted on a land 33. 
Since the land 33 is provided outside the return 
transmission line 2 so as to be electrically connected to 
the return transmission line 2, the resistor 5 is 
electrically connected to the return transmission line 2. A 
second terminal of the resistor 4 is mounted on a land 32. 
A second terminal of the resistor 5 is mounted on a land 34. 
The lands 32 and 34 are provided outside the forward 
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transmission line 1 and the return transmission line 2. The 
land 32 is electrically connected to a land 35, and the land 
34 is electrically connected to a land 36. On the lands 35 
and 36 , the jumper 9 is mounted, passing over both the 
5 forward transmission line 1 and the return transmission line 

2. The lands 35 and 36 correspond to the central potential 
of the differential signal transmission line, and are 
electrically connected with each other, in conjunction with 
the forward transmission line 1 and the return transmission 

10 line 2, by the wiring of the 50-ohm resistors 4 and 5. A 

first terminal of the capacitor 8 is mounted on a land 39. 
A second terminal of the capacitor 8 is mounted on a land 40 
that is electrically connected to the GND 100. In the first 
embodiment, the capacitor 8 is provided outside the return 

15 transmission line 2, however, the arrangement of the return 

transmission line 2 is not limited to this arrangement in 
the first embodiment. Alternatively, for example, the 
capacitor 8 and lands 39 and 40 may be provided outside the 
forward transmission line 1 and the land 39 electrically 

20 connected with the land 35. 

[0054] The center- tap termination circuit of the first 
embodiment includes the resistors 4 and 5, the capacitor 8, 
and the jumper 9, which are mounted on the forward 
transmission line 1 and the return transmission line 2. 

25 Since all of the resistors 4 and 5, the capacitor 8, and the 
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jumper 9 are disposed outside the forward transmission line 
1 and the return transmission line 2 in the first embodiment, 
the distance between the forward transmission line 1 and the 
return transmission line 2 is maintained at a substantially 
5 constant 0.125 mm, even in the region of the center-tap 

termination circuit . 

[0055] Fig. 2A is a sectional view taken along line 2A-2A 
of Fig. IB, and Fig. 2B is a sectional view taken along line 
2B-2B of Fig. IB. As is clear by comparing Fig. 2A with Fig. 

10 2B, the distance between the forward transmission line 1 and 

the return transmission line 2, the distance between the 
forward transmission line 1 and the GND 100, and the 
distance between the return transmission line 2 and the GND 
100 are substantially equal. 

15 [0056] The sectional shapes shown in Figs. 2A and 2B are 

substantially the same. More specifically, reference 
numeral 51 denotes the capacitive coupling between the 
forward transmission line 1 and the return transmission line 
2, reference numeral 53 denotes the capacitive coupling 

20 between the forward transmission line 1 and the GND 100, and 

reference numeral 52 denotes the capacitive coupling between 
the return transmission line 2 and the GND 100 or the 
capacitor 8. There is almost no difference in the 
capacitive coupling 51, the capacitive coupling 52, and the 

25 capacitive coupling 53 between Figs. 2A and 2B. This shows 
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that the differential impedance at the position of line 2A- 
2A of Fig. IB is the same as that at the position of line 
2B-2B of Fig, IB. Since the distance between the forward 
transmission line 1 and the return transmission line 2 is 
5 constant in the center- tap termination circuit, the 

differential impedance is constant not only at the positions 
of line 2A-2A and line 2B-2B, but also at all points within 
the center-tap termination circuit. 

[0057] Fig. 3 is a graph showing the waveforms of 

10 differential signals in the above case in which time is 

shown on the abscissa, and voltage is shown on the ordinate. 
Referring to Fig. 3, a signal 800 is transmitted through the 
forward transmission line 1, and a signal 900 is transmitted 
through the return transmission line 2. As is clear from 

15 Fig. 3, the transmission return/transmission forward 

characteristics of the signals 800 and 900 roughly match 
each other, and no skew is present. In other words, 
differential impedance matching is achieved, and high- 
quality signal waveforms are maintained. 

20 [0058] By keeping the distance between the forward 

transmission line 1 and the return transmission line 2, 
substantially constant at all points, even within the region 
of the center- tap termination circuit, the differential 
impedance becomes constant. Therefore, the differential 

25 impedance matching is achieved, and the generation of common 
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mode current components is greatly suppressed. As a result, 
the generation of noise emissions is greatly suppressed. 
[0059] Referring to Fig. IB, the resistors 4 and 5 are 
ordinarily mounted with a predetermined distance between 
5 each other due to the mechanical limitations of a mounting 

machine. Therefore, the resistors 4 and 5 are mounted with 
a predetermined distance between each other. The width of 
each of the forward transmission line 1 and the return 
transmission line 2 is preferably 0.125 mm, and the distance 

10 between the forward transmission line 1 and the return 

transmission line 2 is preferably 0.125 mm. In the first 
embodiment, even when the resistor 4 is separated from the 
resistor 5 by the minimum distance, the forward transmission 
line 1 and the return transmission line 2 can be disposed 

15 between the resistors 4 and 5. 

[0060] With the arrangement described herein, there is 
typically no dead space between the resistors 4 and 5, and 
wiring of the forward and return transmission lines outside 
the resistors 4 and 5 is removed. As a result, the width of 

20 the center- tap termination circuit in the direction of the 

differential signal transmission line is adjusted to the 
minimum mountable width of the chip resistors 4 and 5. The 
area in which the center-tap termination circuit is mounted 
is reduced, the density of the printed circuit board is 

25 increased, and the size of an electronic apparatus is 
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reduced. It is particularly beneficial for a circuit having 
many parallel pairs of differential signal lines, as in bus 
wiring, to reduce the width of the wiring area. Thus, 
reduction in the width of the center- tap termination circuit 
in the direction of the differential signal transmission 
line has significant advantages. 

Second Embodiment 

[0061] Figs. 4A and 4B illustrate a center-tap 
termination circuit, according to a second embodiment of the 
present invention, in a differential signal transmission 
line. In the second embodiment, the differential signal 
transmission line preferably has a differential impedance of 
100 Q. 

[0062] Fig. 4A is a circuit diagram showing a center- tap 
termination circuit in an LVDS transmission model. Fig. 4B 
is a plan view of a printed circuit board having the center- 
tap termination circuit shown in Fig. 4A. In Figs. 4A and 
4B, components corresponding to those in Figs. 1A and IB are 
given the same reference numerals, and descriptions of the 
common components are omitted. 

[0063] The center- tap termination circuit shown in Fig. 
4A is the same circuit as that shown in Fig. 1A with an 
additional capacitor 7. Referring to Fig. 4B, a first 
terminal of the capacitor 7 is mounted on a land 37 that is 
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electrically connected to the land 35. A second terminal of 
the capacitor 7 is mounted on a land 38 that is electrically 
connected to the GND 100, In other words, the capacitors 7 
and 8 are provided outside both the forward transmission 
5 line 1 and the return transmission line 2. 

[0064] According to the second embodiment, the left and 
right sides of the forward transmission line 1 and the 
return transmission line 2 are physically symmetrical. 
Compared with the first embodiment, the differential 

10 impedance of the differential signal transmission line 

becomes more stable. As a result, the differential 
impedance matching is achieved, the quality of transmitted 
differential signals is further improved, and the generation 
of common mode current components is further suppressed. 

15 Therefore, the generation of noise emissions is greatly 

suppressed. 



Third Embodiment 

[0065] Figs. 5A and 5B illustrate a center- tap 
20 termination circuit, according to a third embodiment of the 

present invention, in a differential signal transmission 
line. In the third embodiment, the differential signal 
transmission line preferably has a differential impedance of 
100 Q . 

25 [0066] Fig. 5A is a circuit diagram showing a center- tap 
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termination circuit in an LVDS transmission model. Fig. 5B 
is a plan view of a printed circuit board having the center- 
tap termination circuit shown in Fig. 5A. In Figs. 5A and 
5B, components corresponding to those in Figs. 4A and 4B are 
5 given the same reference numerals, and descriptions of the 

common components are omitted. 

[0067] The center- tap termination circuit shown in Fig. 
5A is the same circuit as that shown in Fig. 1A with 
additional resistors 11 and 12 disposed between the 

10 capacitors 7 and 8 and the jumper 9. The resistors 11 and 

12 are serially connected to the capacitors 7 and 8, 
respectively. Referring to Fig. 5B, a first terminal of the 
resistor 11 is mounted on a land 41 that is electrically 
connected to the land 35, and a second terminal of the 

15 capacitor 11 is mounted on a land 42 that is electrically 

connected to the land 37. A first terminal of the resistor 
12 is mounted on a land 43 that is electrically connected to 
the land 36, and a second terminal of the resistor 12 is 
mounted on a land 4 4 that is electrically connected to the 

20 land 39. 

[0068] Resistances of the resistors 11 and 12 are 
selected so that the resistance of resistive components at 
the termination with respect to common mode current 
components ((resistance of the resistor 11 / 2 + resistance 

25 of the resistor 4 / 2 ) or (resistance of the resistor 12/2 
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+ resistance of the resistor 5/2)) matches the common mode 
impedance of the differential signal transmission line. 
Since the resistance of each of the resistors 4 and 5 is 50 
Q and the common mode impedance is approximately 60 Q , the 
5 resistance of each of the resistors 11 and 12 is set to 70 Q. 

The capacitance of each of the capacitors 7 and 8 is set to 
1000 pF, which is the same as in the second embodiment. 
[0069] In the third embodiment, the components are 
mounted in the following order starting from the GND 100: 

10 the capacitor 7 and the resistor 11, and the capacitor 8 and 

the resistor 12. However, the order is not limited to this 
order, and the components may be arranged in a different 
order, such as the following: the resistor 11 and the 
capacitor 7, and the resistor 12 and the capacitor 8. 

15 [0070] Although the capacitors 7 and 8 and the resistors 

11 and 12 are disposed on both sides of the differential 
signal transmission line, they can be disposed on only one 
side, as shown in Figs. 6A and 6B. In the latter case, the 
capacitance of the capacitor 8 is set to 1000 pF, and the 

20 value of the resistor 12 is set to 35 Q. 

[0071] When the center- tap termination circuit of the 
third embodiment is arranged as described above, in addition 
to the advantages achieved in the first and second 
embodiment, because of advantages achieved by the resistors 

25 11 and 12, common mode current components are further 
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suppressed, thereby suppressing noise emissions. 
Fourth Embodiment 

[0072] Figs. 7A and 7B illustrate a center- tap 
5 termination circuit , according to a fourth embodiment of the 

present invention, in a differential signal transmission 
line. In the fourth embodiment, the center-tap termination 
circuit disposed in the differential signal transmission 
line is provided on a multilayer printed circuit board. In 

10 the fourth embodiment, the differential signal transmission 

line preferably has a differential impedance of 100 Q. 
[0073] Fig. 7A is a circuit diagram showing a center- tap 
termination circuit in an LVDS transmission model. Fig. 7B 
is a plan view of a printed circuit board having the center- 

15 tap termination circuit shown in Fig. 7A. In Figs. 7A and 

7B, components corresponding to those in Figs. 4A and 4B are 
given the same reference numerals, and descriptions of the 
common components are omitted. 

[0074] The center- tap termination circuit shown in Fig. 

20 7A is similar to that shown in Fig. 4A. Referring to Fig. 

7B, instead of the GND 100 shown in Fig. 4B, a solid pattern 
serving as the GND (not shown) is provided on the back side 
of the printed circuit board or on another wiring layer. 
The land 38 to which the capacitor 7 is connected is 

25 connected through a through hole 51 to the solid pattern 
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serving as the GND provided on the back side of the printed 
circuit board or on the other wiring layer. Similarly, the 
land 40 to which the capacitor 8 is connected is connected 
through a through hole 52 to the solid pattern serving as 
5 the GND provided on the back side of the printed circuit 

board or on the other wiring layer. 

[0075] When the center- tap termination circuit of the 
fourth embodiment is arranged as described above, the same 
advantages as those achieved in the first and second 
10 embodiments can be achieved even on the multilayer printed 

circuit board. 

[0076] Referring to Fig. 8, through holes 53 and 54 are 
provided at the positions of the lands 35 and 36 shown in 
Fig. 7B. Accordingly, instead of using the jumper 9, wiring 
15 13 on the back side of the printed circuit board or on the 

other wiring layer can be used. Since this wiring can be 
used, the jumper 9 becomes unnecessary, resulting in lower 
component costs and manufacturing costs. 

[0077] While the present invention has been described 
20 with reference to what are presently considered to be the 

preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments . On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
2 5 the spirit and scope of the appended claims. The scope of 
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the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions . 



